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Mostly protons and α (charged, strongly 
interacting heavy particles, ~99%) 

Mostly muons (charged, EM-interacting heavy particles, ~70%) and  
electrons (charged, EM-interacting, light particles, ~30%). 

Neutrinos are weakly interacting and can be ignored. 
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2 meters (6.5 ft) of rock removes 
about 1000 MeV* of energy from 

muons. 

* MeV  Million electron Volts 

The average energy of a cosmic ray 
muon is 3000 MeV and will pass 
through 6 meters (20 ft) of rock. 

Or… half of the cosmic ray 
muon flux will stop in 6 meters 

of rock. 

Or… muons with less 
than 1000 MeV of 

incoming energy will stop 
in the rock. 



Luis Alvarez, et. al. 
Science 167, 832 (1970) 

Searching for Hidden Chambers in Pyramids 

Arturo Menchaca, et. al. 
current effort, see 

http://www.msnbc.msn.com/id/4540266/ 

Tanaka, Nagamine, et. al. 
Nuclear Instruments and Methods A 

507:3, 657 (2003) 

Predicting Volcanic Eruptions 
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Borozdin et al. Nature, 422, 277, 2003  
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Reconstruction of Jeep  
with 3 objects 

1 hr cosmic ray exposure 
simulation 



20.1 .56 Lead 
*10 cm of material, 3 Gev muons 
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Scattered particles 
carry information from 
which material may be 

identified. 

Scattering distribution is 
approximately Gaussian 

and the width of the 
distribution is related to 

the material  
(λ is a radiation length) θx 

L

Material 
with 

radiation 
length L 

Particle with 
momentum p 
and velocity β 
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Ionization 

Race to the wire 



Drift Tubes: Time-to-Radius Conversion 
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•  Cylindrical drift tubes measure radial position of charged particles 
passing through 

•  Yields intercept and angle in two dimensions by interleaving tubes 
having axis oriented in x- and y- directions 

µ 
Δ Z 

•  For 
tomography, 
banks of tubes 
are located 
above and 
below object to 
measure 
scattering angle 
(average 
scattering 
density) 
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•  576 4-feet long and 2-inch 
thick aluminum drift 
tubes 

•  Each tracker set has 3 x-y 
pairs of double planes, for 
a 12-fold tracking 
coincidence, in and out. 

•  Tracker sets moved to 
“mock reactor”: one set is 
placed high on shielding, 
to track incoming muons, 
the other set is placed low 
on the “exit” side of the 
shielding. 

“In” 
Tracker  

“Out” 
Tracker  
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Using a mini muon tracker 
developed at the Los Alamos 
National Laboratory we performed 
experiments of simple landscapes of 
various materials, including TNT, 
9501, lead, tungsten, aluminium, 
and water. Most common scenes are 
four two inches thick step wedges of 
different dimensions: 12”x12”,  
12”x9”, 12”x6”, and 12”x3”; and a 
one three inches thick hemisphere of 
lead with spherical hollow, and a 
similar full lead sphere.  

9501 explosive 
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